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Section I
INTRODUCTION

The objective of the overall Shared Aperture Breadboard Test System
(SABTS) program was to test predicted survivability levels and to measure
performance characteristics of dichroic beam splitter samples in an intense
3.8 um deuterium fluoride (DF) high energy laser (HEL) beam. These sam-
ples were developed for an aperture sharing device which will separate an
outgoing laser beam of high intensity from incoming tracker light signal
of low intensity and of different wavelength. The shared aperture will
reduce complexity and improve system performance of future tracker systems.

The TRW contribution to the SABTS program was to provide HEL support
for the SABTS experiments. Other portions of the total experiment were
provided by two additional contractors. Ford Aerospace and Communication
Corporation (FACC) built and maintained the SABTS equipment. The Univer-
sity of Dayton Research Institute (UDRI) operated the SABTS equipment and
collected test data. The Air Force Weapons Laboratory (AFWL) provided the
test specimens and coordinated all testing activities. The responsibilities
of the various participants in the SABTS program are summarized in table 1.

The TRW baseline demonstration laser (BDL) HEL facility was modified
to accept these experiments. This involved a somewhat extensive redesign
and restructuring of the optical train, and renovation of the vestibule
area of the BDL building. Extensive soundproofing, painting for cleanli-
ness, and installation of a filtered blower were required to provide a
positive pressure clean-air facility with tolerable vibrations for the
SABTS test tables. Further changes involved the design and fabrication of
the supporting optical train, modifications to existing facilities, and
integration of the BDL device into the total SABTS test configuration.

Y

Power levels were measured for each of the runs, so that when combined
with the magnification settings of the beam conditioning system, intensi-
ties incident on the samples could be determined.
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Table 1. PROGRAM PARTICIPANTS

CONTRACTOR CONTRIBUTION

TRW Provide test facility, DF HEL laser beam,
measurement and monitoring of beam power,
profile and alignment, data control and
monitoring signals, TV coverage, consul-
tation on testing, and technician support.

FACC Fabricated, assembled and installed the
SABTS including beam conditioning and
sample testing apparatus and continued
support to the tests.

UDRI Provided test planning and execution,
data collection, analysis and
reporting.
AFWL Provided test samples, overall management,

administration, and coordination of
entire program.

The program was divided into three sequential phases. In Phase I:

e The TRW BDL site was modified and prepared to accept the SABTS.

e SABTS apparatus and equipment was installed and integrated
with facility.

e Startup and alignment of the BDL device to the SABTS was
achieved.

In Phase II, the BDL HEL facility was operated to support:

e Acceptance testing of the SABTS.
o Coating survivability tests in the HEL beam.

In Phase III, the BOL HEL was operated to support:

o Optical evaluation of the SABTS samples.
e Supplementary Effects Tests outside the SABTS test area.




The objectives of each plan were met successfully. In particular,
the completed test configuration demonstrated the power, beam characteris-
tic and beam control capabilities that were specified for Phase I. In
addition, the program test objectives (number of runs, samples tested, and
total lasing time) of Phase II and III were also completed. These results
are outlined in the various sections on program objectives, test configura-
tion, and test data. A1l raw data has been included in an appendix with a
discussion of the pertinent results included in Section V.




Section II
PROGRAM OBJECTIVES

The technical objectives of the SABTS program were separated into
three phases. Phase I objectives were test site preparation and configura-
tion of the specimen test area, control and monitoring area, and laser
device. Phase Il objectives were to provide lasing support for the accep-
tance tests of the SABTS and screening of optimum coatings for the speci-
mens. Phase III objectives were to provide laser support for the optical
evaluation of the SABTS specimens.

1. FACILITY SPECIFICATION

Beam characteristics are summarized in table 2. Specifications
require a = 3.7 x 3.7 cm DF beam having at least 36 kW delivered to the
SABTS area entrance. The beam was to have less than 0.75 milliradian
divergence and a duration of 20 seconds.

In addition, a laboratory area was to be provided having a suitable
test environment and the capacity to house portions of the SABTS, including
diagnostic test equipment, optical interface table, and mirror cooling
equipment. This area was to be at least 8 by 6 meters in size and provided
with adequate power, lighting, and cleanliness control.

Table 2. BEAM SPECIFICATIONS

Spectral Emission 3.5 - 4.1 um
Size 3o X 3.7 cm
Power >36 kW
Divergence <0.075 milliradian
Duration =20 sec

3




2, TEST MATRIX

The test matrix for Phase II was to be as follows:

Approx. Run Approx. Exposure
No. cf Runs Time (Lasing) Time/Sample
2 5 sec 5 sec
8 12 sec 6 exposures of
0.25 sec each
with 2 sec
between exposures
4 30 sec 6 exposures of
3.0 sec each
with 2 sec

between exposures

Similarly, the matrix for Phase III was to be:

Approx. Run Approx. Exposure
No. of Runs Time {Lasing) Time/Sample
40 : 5 sec ' 5 sec

An additional 7 seconds of lasing time was added to each of the above las-
ing durations (Phases II and III) for determing power delivered to the
SABTS area.

A small-scale effects test was added later to the program scope.
These tests were designed to run concurrently (and on a noninterference
basis) with Phase III. The objective of the test was to provide laser
support to determine the degradation of RF transmission through various
materials with air flow over the target during laser irradiation. Other
objectives included visual data from material fracture and burn-through
rate data at different angles of incidence.
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Section III

TEST CONFIGURATION

The SABTS test area was located in the lower vestibule section of the
building that houses the BDL device (figure 1). The BDL building location
with respect to other CTS facilities .is shown in figure 2.

1. BOL DEVICE

The BOL system is a combustion driven, continuous wave chemical laser
which produces a multiline infrared laser beam. The BDL may be operated
in either a DF/HF or HF/DF mode. In the HF/DF case (used for SABTS), the
atomic fluorine required for cold reaction operation was obtained by burn-
ing H2 and excess F2 in a combustion chamber to produce equilibrium concen-
trations of HF, F and small quantities of F2' Helium was added as a diluent
to these combustor gases to increase the effective specific heat ratio and
thermal capacity of the gases and to lower the effective molecular weight.
A1l three of these effects tend to increase laser efficiency. The com-
bustor gases were then supersonically expanded into a cavity region where
they were mixed with D2 to produce vibrationally excited DF; i.e., DF*.
The laser spectrum was centered near 3.8 um wavelength which is character-
istic of the vibration-rotation transitions of DF*.

A photograph of the BDL is shown in figure 3. Figure 4 shows a cross-
sectional view with the various reactants in the flow field. The cavity
injector consists of six modules, each 4-inches high and 10-inches long.
Figure 5 shows the six BOL modules in place and figure 6 is a view of the
front of the BOL with one injector nozzle in place. This configuration of
the six modules produces an active gain cross section, normal to the flow
axis, of 4 by 60 inches. The optical axis of the laser resonator was
placed parallel to the 60-inch dimension.

The copper combustors and nozzles were cooled with deionized water.
The combustor and nozzle coolant system are pump-fed due to the high flow
rates (36 and 144 gpm, respectively) and low pressure requirements (45 and
150 psia inlet pressure, respectively). The low cavity pressure required
for satisfactory laser operation is obtained by a two-stage steam conden-
ser ejector system used as a pump system for the BDL laser flows. The

6
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Figure 1. Lower Vestibule Section - BDL Building
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Figure 3. AFWL Baseline Nemonstration Laser

Figure 4. AFWL-BDL Reactant Flow Field
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Figure 5. BDL Modules (Six) Installation
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Figure 6. Front View of One BDL Module
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system will pump BDL flow rates while maintaining a low pressure in the
6-foot duct of 25 torr or less.

Laser reaction products of HF, He, DF, and D2 (and the aerodynamic
window nitrogen flow) are pumped through the first stage of the steam
ejector into the condenser. Discharge 6f the first stage flows into the
ejector condenser where cold water condenses the steam and condensible
gases (HF and DF). Noncondensible gases such as He, N2 and DZ' along with
some vapor carry over from the condenser, are pumped to atmospheric pres-
sure by the second stage of the steam ejector system. Condensed steam
from the first stage, along with the condensible laser gases, flows
through the barometric discharge into a reservoir. The temperature of the
fluid leaving the condenser is approximately 100° to 120°F.

In the HF/PF mode, the BDL device provides a nominal broad band power
level of 60 to 70 kN. Temporal fluctuations of the power output have been
determined to be less than 10%. ;

The BDL was operated in a half mode configuration to produce an unob-
scured beam for this program. To achieve the half mode configuration, the
optical axis of the resonator cavity is moved upward by raising the convex
mirror and slightly tipping both the concave and convex mirrors. These
mirrors are aligned to cause the optical axis associated with the half mode
configuration to be parallel to the original optical axis and located
within the gain medium. The laser energy is then extracted from the bottom
part of the scraper, rather than the top and bottom as in the full mode
design. The beam power for these test series was in the 38 to 45 kW level.

2. OPTICAL TRAIN AND COMPONENTS

The BDL outcoupled beam was put through an optics train and beam con-
ditioning system prior to entering the BOL lower vestibule where the SABTS
experiments were performed. Figure 7 shows the beam path and basic optical
components.

a. BDL Aerodynamic Window

The operation of the BOL requires near vacuum (below 10 torr) pres-
sure in the optical cavity. Extraction and propagation of the laser
energy involves a transition step from a few torr to atmospheric pressure.

10
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The principal requirement for the BDL aerodynamic window is to pass the
4.0 by 1.0-inch chemical laser beam from the low pressure laser cavity
region into the atmosphere without passing through a solid window. The
foremost consideration of such an.aerodynamic window is to minimize prob-
lems which lead to laser beam degradation. The aerodynamic window has to
maintain a pressure ratio of 76 between the scraper mirror enclosure and
the atmosphere. Both of these requirements are met with the use of an
axial supersonic flow nozzle aerowindow concept.

The window has an aperture of 5.0 by 1.5 inches (12.7 by 3.8 cm) and
is operated with a mass flow of 3.0 1b/sec of dry nitrogen. Beam steering
across the oblique shock and shear layer set up at the laser duct exit is
12 uradian and its resulting jitter is a small fraction of that. The
beam quality degradation introduced by the low pressure turbulent shear
layer across the optical duct exit plus the turbulent flow at the atmo-
spheric exit is estimated in terms of loss of beam intensity across the
duct exit to be less than 1%.

b. Beam Path Conditioning System

After the high energy laser beam exited the aerowindow it propagated
to the SABTS room through a beam ducting system. This beam path condition-
ing system provided a uniform vertical flow of dry, temperature conditioned,
nitrogen across the beam path. This conditioning eliminated thermal bloom-
ing of the high intensity beam. The system consisted of: high pressure
GN2 supply system; heat exchanger; low pressure GN2 supply system and a
beam duct/enclosure subsystem.

The high pressure (2200 psig) gaseous nitrogen storage tank is sup-
plied by a liquid nitrogen supply and vaporizer. The subsequent expansion |
of the 2200 psig nitrogen to atmospheric pressure for use in the beam ;
ducting results in a temperature drop of approximately 50°F. The nitro- {
gen is supplied to the beam path conditioning system at ambient tempera- j
ture by passing the subambient temperature gas through a water bath heat i ‘
exchanger. Ambient temperature nitrogen is supplied at approximately }
2 psig to the beam path conditioning system through thermally insulated ' E
low heat capacity sheet metal ducting. The flows to each beam duct sec-
tion and mirror enclosure are adjusted by means of butterfly dampers. ‘

|
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This passive thermal control system has resulted in a nitrogen tem-
perature difference in the mirror enclosures and the adjacent beam ducts
of 1°F or less during day or evening operations. Interferometer test

results obtained on a test duct section and mirror enclosure indicated that
beam quality would be seriously degraded if the temperature between the N2
in a mirror enclosure and in the adjacent beam duct section exceeded 1.5°F

for the turb:'lence conditions existing at the enclosure/beam duct
interface.

A cross section drawing indicating the features of construction of the

beam duct is shown in figure 8. The nitrogen flow is down in a vertical
direction across the beam. The region through which the beam passes is
maintained at approximately 0.5 inch of H20 gauge pressure by a selected
filter material backed up by hardware cloth. The internal surface of the
flow distribution plenum is covered with a 0.5-inch thickness of Minicel,
closed cell foam insulation. The beam path duct system is shown in
figure 9.

A similar N, flow distribution system was used for the mirror enclo-
sures. The flow is directed vertically downwards across the mirrors.
Internal baffles and filter cloth are used in the enclosures to aid in
directing the flow across the beam path.

The beam duct pressure of 0.5-inch H20 gauge is obtained using an N
curtain at the downstream end of the system, just before the SABTS. The
centrifugal force generated by injecting a rectangular jet of N2 along a

curved surface at an approximate velocity of 160 fps eliminates the axial
flow from the beam duct. The configuration of the N curtain at the beam

2

duct termination is shown in figure 10.
Cc. Beam Shutter System
The shutter system provides the capability to turn the beam off and

on during the experiment to within a few milliseconds of preselected times.

The enclosure for the shutter system is shown in figure 11.

The shutter must be fast acting to rapidly cut off the beam in case
of sudden onset of damage, to allow minimum dead time between target
changes, and further to better define damage onset levels where a rectan-
gular shaped pulse in time is desired. For fast closing shutters, light

13
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Figure 10. Configuration of N2 Curtain at Beam
Duct Termination

weight is desirable. However, for long periods or continuous duty, a
heavier water cooled shutter is required. To satisfy both requirements,
beam control is established through the use of two shutter systems
designated the slow and fast shutters, operated in conjunction with a
sequencer,

The slow shutter shown in figure 12 is a pneumatically actuated,
water-cooled metal mirror which can close and obscure the beam in less than
200 milliseconds. In the closed position the BDL beam is reflected into
a water-cooled whole beam calorimeter, which is used to determine the pri-
mary beam power during the test runs. Since the slow shutter is designed
to withstand high flux levels for extended periods of time, it is closed
during a test sequence to permit resetting of the fast shutter.

The fast shutter is used to provide beam pulse intervals with fast
rise a'd fall times. This shutter mechanism, shown in figure 13, utilizes
uncooled highly refiective metal mirrors which can be rapidly translated
along separate but parallel tracks. To set the fast shutter, the mirror
blades are ﬂﬂhumatically cocked against a spring load and mechanically

15
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Figure 11. Shutter System Enclosure
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Figure 12. Slow Shutter

latched. In the cocked position, the opening blade obscures the beam. On
command it is unlatched and after a 40 to 60 millisecond acceleration
period is pushed out of the beam path in 5 to 10 milliseconds. After the
required exposure interval, the closing blade is unlatched and the beam is
completely obscured in about 70 milliseconds. As soon as the beam s com-
pletely obscured, the water-cooled slow shutter is closed to protect the
fast shutter mirrors. Once the next target is in position the fast-slow
shutter sequence is repeated.

d. Power Measurement

The absolute magnitude of the beam power for a given run is generally
measured during the first and last three seconds of the run by the primary
calorimeter sampling the reflected radiation from the slow shutter. A
cross section of the water-cooled cone calorimeter is shown in figure 14.
A photograph of the cone calorimeter as it sets in front of the slow shut-
ter is shown in figure 15. The shallow cone angle was employed to spread
the high power fluxes of the outcoupled beam over a large area and reduce
the thermal loading per unit area. The power absorbed by the calorimeter
is determined from measurements of the coolant water flow-rate and the

17
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Figure 15.

Cone Calorimeter Installed at Shutter Enclosure
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temperature difference (AT) between the entering and exiting water. The
coolant water flow-rate is measured using a calibrated turbine-type flow-
meter. Typical ATs measured during power tests ranged from 7 to 8°F
with a coolant water flow rate of about 36 gpm.

The absolute value of power at the start of the run is used to cali-
brate the simultaneous signal obtained from an IR P(t) detector, which
samples the scattered radiation from an upstream turning mirror. A typi-
cal P(t) relative power trace is shown in figure 16. Variations of power
output as a function of time during a typical run are less than 5%.

3. CONTROL AND INSTRUMENTATION

Control for SABTS was provided by an interconnection of the FACC
programmer-controller in the BDL annex to the remote control panel in the
Main Control Center. This connection allowed for operation of required
manual functions and the synchronization of the delivery of the BDL beam
to SABTS. The PDP-8 was used as a programmer to automatically sequence
the operation of the SABTS with the opening and closing of the slow and

ZERO

RELATIVE PO'WVER
o

° L A L 4 b &

80 50 40 30 20 10 0
TIME (SEC)

Figure 16. Relative Power vs. Time as Seen
by P(t) Instrument
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st

fast shutters. In addition, manual controls were provided adjacent to the
: remote control panel for override of programmed carousel positions and/or
burn times. Visual indicators and/or manual controls were provided in this
same area for the status of the beam control shutters, the carousel index
status, and the various permit, override, and abort signals.

A11 signals indicated as instrumentation in figure 17 were recorded
on an oscillograph to provide verification of proper function and time
correlation.

Instrumentation for parameters concerning the operation of the BDL
device such as pressures, temperatures, fluid flows, voltages and reactant
valve operations was routed through the BDL Navy ARPA Chemical Laser and
effect test shelter patch boards to the Main Control Center instrumentation
patch system where it was routed to the various displays and recording sys-
tems as required per the Test Plan (figure 18). The AGA IR camera signals
were patched to a high speed analog recorder for subsequent data analysis
and to an oscilloscope display for real-time monitoring. This system also
generated a P(t) signal for beam on correlation to TRW and SABTS
instrumentation.

Beam power was measured at three points in the beam path. Cone
caiorimeters were used at the slow shutter dump and at the SABTS input
clipper dump. These two calorimeters were instrumented with a water flow-
meter and a matched set of copper-constantan thermocouples, wired to pro-
duce a differential temperature signal. Power was calculated from the
water temperature rise from inlet to outlet times the flow in gpm. During
some of the tests, a Naval Research Laboratories Ball Calorimeter was
installed downstream of the SABTS sample position to measure power at that
point. This calorimeter employed a single thermocouple to measure the tem-
perature rise of a calibrated heat sink.

4. SABTS EXPERIMENT LAYOUT ;

This section briefly describes the SABTS experiment layout inside of i A
the BDL effects room. Figure 19 shows the relative location of the primary :
experiment components and the path of the HEL beam. g %

o
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Figure 19. SABTS Experiment Layout
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The HEL beam entered the BDL lower vestibule in the northwest corner
from the BDL optics train (Sect. III-2). The beam passed through an air
curtain as it exited the beam duct just inside the room. The air curtain
served to maintain an overpressure of 0.5-inch H20 inside the beam duct.

A helium neon alignment laser placed on an optical rail was located adja-
cent to the beam duct exit. This laser was used to align the SABTS experi-
ment optics to the HEL HeNe alignment beam. This was done by precisely
indexing a mirror in the HEL optics path on the rail so that the HeNe

beam was always coincident with the HEL beam path as described by a sep-
arate HEL HeNe beam.

Prior to entering the SABTS beam conditioning table, a copper heat
sink mirror directed the beam to the effects area located outside of the
SABTS room. The effects retractable mirror was removed from the beam path
once the effects experiment sequence was completed.

The total power aliowed through the optics in the beam conditioning
table was controlled and measured by using a circular aperture beam clip-
per mirror in conjunction with a TRW cone calorimeter. The beam clipper
mirror was located just inside the beam conditioning table as the beam E

3
1
.
|

entered the SABTS experiment optics. The beam power clipped by the aper-
tured mirror was measured with the cone calorimeter and compared to the
whole beam power measured with another cone calorimeter at the slow shutter

position.

The beam conditioning table, the camera cart, and the diagnostics
table were operated by UDRI personnel. The operational details of these
components and details of the SABTS experiment itself are not described

here.

The basic path of the HEL beam through the SABTS experiment stations

is shown in the SABTS experiment layout figure 19. The HEL beam passed ;
through the optics of the beam conditioning table into the diagnostics |
table where the primary experiment was performed. The beam profile was ) ':
measured between the tables. The remaining HEL beam after it left the ’
diagnostics table was dumped into an NRL ball calorimeter. 1

There were two alternate paths through the diagnostic table optics G
depending on whether a transmission or a reflection sample was being d
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irradiated. This determined the location of the beam spreader mirror
positioned outside the diagnostics table. This mirror also served to
spread the concentrated HEL beam to prevent damage to the ball calorimeter
which might have resulted from the high beam intensities.

Also shown in the SABTS experiment layout are three television cam-
eras. These cameras were used to visually monitor the experiment compo-
nents during a test to determine the necessity of an emergency shutdown.

5. EFFECTS STATION (ADD-ON EXPERIMENT)

The beam for the effects experiment was obtained as it left the beam
duct in the SABTS test room and was directed outside the building through
a 6- by 6-inch hole in the wall, shown schematically in figure 19. A retract-
able mirror mount was fabricated for the purpose of pulling the mirror (8- by
9-inch copper furnished by the Navy) from the beam path at the conclusion
of the effects experiment. The mirror actuator enabled the experimenter
to pull the mirror up from the beam or down from the beam. Proximity
switches at either end of the stroke indicated the position of the mirror
at the test console.

The basic effects area hardware included a 3- by 1-inch wind tunnel
supplied by an 18 bottle farm. The wind tunnel was supplied by the Air
Force Weapons Laboratory. The pressure to the dome of the regulator and
air supply for the wind tunnel solenoid valve were supplied from the
upstream air line to the wind tunnel.

A 24- by 24-foot canvas canopy was provided for the test area to pro-
tect equipment and instrumentation from weather. Transite sheets were
situated behind turning mirrors and the target position as a safety mea-
sure. In addition, two video cameras were provided to monitor the effects
experiment from the control center; one for an overall view and one to
determine recording equipment readiness. g

a. Instrumentation and Controls i

The experiment instrumentation and recording equipment were supplied
by the AFWL. The local experiment oscillograph, cameras, and the missile
controller were turned on remotely from the control center during the count-

down sequence.




Video coverage included an overall view of the experiment and a
closeup of the missile controller status gauges.

The complete list of Control and Instrumentation signals is given in
table 3. The PDP8 controller provided two commands: one to retract the
effects director mirror in the SABTS building and the other to turn on the
wind tunnel at 3 seconds prior to acquiring the beam. An interlock switch
on the retractable mirror confirms mirror retraction to the computer. The
experiment/test site electrical interface schematic is shown in figure 20.

Table 3. LIST OF EFFECTS EXPERIMENT TEST COMMAND
AND INSTRUMENTATION SIGNALS

Controls Signals

Instrumentation ON
Instrumentation OFF

Effects Timer Package START
Effects Timer Package OFF

Effects Director Mirror Retract Signal
(PDP8 Override)

6. Effects ioirector Mirror Manual Retract

Manual:

A H W N -

PDP8: 1. Mirror Retract Signal
Wind Tunnel Turn on (110 VAC)
Mirror Interlock Feedback (in/out)

Instrumentation

Video coverage: 1. 1 overall with monitor for test conductor
2. 1 for recording equipment observation
(optics console)
Monitor signals: 1. Effects Director Mirror position (optics
console)
2. Fast Shutter/slow shutter, open/close
(already on optics console)

Record: P(t) (same as SABTS)

- b b i . : -
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Figure 20, Effects Instrumentation/Controls Layout
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Section IV
TEST RESULTS

A complete tabulation of all test results for the program has been
included in the appendix. Discussed below is a description and summary

of this data.
1. PERFORMANCE DATA

Performance data was generated for each of the 43 tests in the SABTS
series. This data (TRW generated, and published in the SABTS — Weekly
Data Summary) was presented in three parts: (a) a plot of estimated power
versus run time, (b) planned time lines and quick look data sheet, and (c)
photos of the beam intensity profile.

The plots of estimated power versus run time (figure 21) show the
power measured at the slow shutter (when it is closed) and at the SABTS
clipper. In addition, total device power was calculated from the power at
the slow shutter calorimeter and a factor developed on the first two tests.
The Planned Time Lines and Quick Look Data Sheet presents the planned and
actual sequence of operations for a given test. Also indicated are informa-
tion on the SABTS specimen(s) and diagnostic sequencing. The photos of
the beam intensity profile are those obtained from an IR Camera (AGA) view-
ing the second turning flat mirror (just upstream of the slow shutter).
Typical performance data sheets are shown in figures 21 through 23.

2. SUMMARY

A total of 43 lasing tests (VL1-245 through 287) were conducted at the
BOL facility during the SABTS test program. Total lasing duration was
approximately 1058 seconds with a total testing time of 922 seconds.
Actual time that the laser beam was incident on SABTS targets was a total
of 286 seconds (135 exposures including 14 plexiglass samples). Table 4
lists all the tests in the SABTS series and provides pertinent information
as to duration, number of samples, purpose and comments. The test duration
is defined as the time from combustor oxidizer (FZ) on to cavity fuel 0,
off, whereas lasing duration is from 02 on to 02 off. In most cases, the
purpose of the test is indicated by the number and the exposure duration
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LASER PERFORMANCE ANALYSIS, RUN VLI-2 70

BEAM INTENSITY PROFILE
AS SEEN BY IR CAMERA VIEWING SELOND TURN FFLAT g

TOTAL INTENSITY LINEAR PROFILE*
APPROX. TIME (SEC) 22 _ APPROX, TIME (SEC) 20

‘ ‘_- _Av ,_
e s e et i i i it s -

LL ERGERSON

BEAM DIAGNOSTICS ENGINEER

Figure 23. Beam Intensity Profile
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of the sample; i.e., 6/.25s + 1/.11s plex means six SABTS samples each
exposed to the HEL beam for 0.25 seconds plus a plexiglass sample expo-
sure for 0.11 seconds. During the later portion of testing (VL1-266 and
subsequent — Phase III) the HEL beam was also directed at various effects
specimens (add-on experiment) in addition to the SABTS exposures. Some
device/optics related problems were experienced during the initial phase
of testing (VL1-245 through 250); i.e., cavity misalignment, failure to
retract alignment periscope, and the slow shutter not opening. Test
VL1-251, which featured an F2 scan to characterize the device, was the
last test after which no major adjustments were made to the device or the
optical train. Following test 251 only minor adjustments were made in
reactant flow rates and optical alignment to maintain device power (as

measured at the slow shutter calorimeter) above the 36 kW allowed minimum.
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Section V

DISCUSSION OF RESULTS

1. TECHNICAL PERFORMANCE SUMMARY
a. Power Performance

The off-axis mode of cavity alignment (Section III) produce§ an exit-
ing beam with protruding edges ("fangs”). These edges are removed at the
fang clipper producing a square shaped beam. For the first two tests
(VL1-245, 246) a cone calorimeter was located at the fang clipper as well
as at the slow shutter. Thus, power was measured at the slow shutter and
at the fang clipper and total power was calculated from the sum of the two.
On subsequent tests the cone calorimeter at the fang clipper was moved to
the clipper in the SABTS test area (the fangs were still being clipped but
this power was now being dumped into a noninstrumented graphite block).

Figure 24 is a plot of power versus test number showing both the total
device power (estimated from the third test to the end of the series) and
the SABTS "delivered” power (at the slow shutter calorimeter). Power at the
fang clipper calorimeter is also shown for the first two tests. The first
seven tests in the program were essentially checkout and reactant (FZ)
scans to determine device characteristics. Some difficulties were experi-
enced during these tests related to cavity misalignment and human error.
However, once exposures to SABTS sample began (with test VLI-252), delivered
power did not droo below the minimum program requirement of 36 k4. One
power drop caused by premature depletion of F, did occur during run VLI-276.

Delivered power (as measured at the slow shutter when the slow shutter
is closed) was determined just before and iust following SABTS exposure(s)
and the values plotted in figure 24 are those averaged for a particular
test. Average delivered power was 42.1 kW (0 = 1.36 kW) for tests VL1-252
through -287 with a maximum of 44.1 and a minimum of 37.6 kW. It should
be noted that this minimum value of 37.6 kW is > 30 below the average value.
In fact, on the test (-273) where the lowest value occurred, flow rates
were inadvertently set such that a low available F rate (NF) and a low FE
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mass rate coincided to cause the low power. If the value of 37.6 kW is
statistically eliminated, average power would be 42.2 with a standard devi-
tion (o) of 1.14, indicating fairly consistent device power delivery.

b. Optical Performance

The beam size was determined several ways. First, a TRW EMBLAZONU
code computer calculation was used to predict the beam profile during the
designing stages. A SABTS clipper having a 3.5 cm diameter hole normal to
the beam was considered in these calculations. The prediction of beam
power and irradiance passing through the hole, and that being reflected by
the clipper are shown in table 5. The calculations predicted 24% of the
beam would be clipped and 76% would pass through the SABTS clipper.

Table 5. DATA FROM CALCULATIONS BASED ON EMBLAZONU
COMPUTER PLOTS

SABTS Clipper
Total Power to Clipper (kW) (assumed) 50.0
Power through Clipper Hole (kW) 38.0
Power Dumped by Clipper (kW) 12.0
Maximum Irradiance at Clipper (kw/cmz) 12.5
Averagg Irradiance through Clipper Hole 3.9
(kW/cm®)

The major method of determining beam size measured through many con-
tinued runs was obtained by snapshot imaging of the scattered HEL radiation
from the second turning flat mirror at different times into the run using
an AGR IR camera. Representative contour and three-dimensional plots are
shown in figures 25 and 26. In particular figure 25 shows intensity contours
of the beam. Numbers seen in the figure on each countour line indicate per-
centages of the maximum intensity. Using a 20% cutoff of the contours, beam
heights for various runs are praesented in figure 27. Allowing for mirror
tilt, all widths were equal to or less than the heights, permitting more
than the calculated fraction of the beam to oass through the 3.5 cm diam-
eter SABTS clipper.
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Figure 25.

AGA Contour Plot of HEL Beam on
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A second measurement of beam size was made by measuring the amount of
power reflected from the SABTS clipper into the BDL cone calorimeter and
ratioing this to the total incident power on the clipper. These ratios for
the various runs are presented in figure 28. They ranged in value from
0.13 to 0.26. The average ratio for the vairous points is 0.184. This is
slightly better than the 0.24 fraction predicted by the EMBLAZONU
calculations.

The third method of checking the beam size was made with an etching
burned into a plexiglass sample by the HEL beam at the entrance to the
SABTS beam conditioning cart. Measurements on the size of the etching,
shown in figure 29, indicate the beam size to be 3.5 cm.

In addition to beam size, beam alignment was repeatedly monitored.
Once the HeNe laser beam was aligned with the HEL beam via a plexiglass
burn etching, subsequent checks of the BDL-SABTS optical train were made
daily using the HeNe alignment beam. Additional checks were made whenever
indicated. Further monitoring of the beam path was made from run to run
by checking for any possible movement of the AGA HEL image. Additionally,
continuous monitoring of the beam alignment was made by observing the
clipped beam power from the SABTS clipper. Had misalignment occurred, it
would have resulted in a sizeable increase in the clipped beam power. In
general, the beam remained steady and little, if any, trimming of the
optical train was required.

2. TEST OPERATIONS SUMMARY

Figures 30 and 31 summarize the SABTS operations and provide a quick
comparison of program objectives with test accomplishments. In particular,
figure 30 compares the estimated number of samples planned for testing with
the number of samples that were actually irradiated. Test objectives for
Phases II and III were 74 and 40 samples respectively for a total program
objective of 114 specimens. Altogether, a total of 148 separate test
opportunities were provided to SABTS. These test opportunities are defined
as those planned specimen tests for which the HEL beam was fully available
to the test system. From these opportunities, a total of 135 samples were
actually tested by the SABTS. Differences between sample test opportunities




43qunN 1S3 °SA OL3BY JaMO4 82 3unbl 4

¥IIWNN 1531

14:74 08z SLT 0L S92 092 1374 ()4 5 24
I T Al ALl L I L L} Ll
|
410 |
O O
(0]
o O O0O0 o
2 o 1 &
o o =
=
o » <t
4
O 0
—4£0

43LINHS MO1S
434411D S19vS

v YIIWNN 1531 SA ¥IMOJ J3LIWRIOTYD INOD 40 DLy




TN Dy

Figure 29. HEL Beam Etching in Plexiglass
Sample

delivered to SABTS and sample test opportunities used by SABTS were caused
by sample overrides or test shutdowns triggered by the SABTS itself. In
any case, the total number of specimens actually tested was greater than
had been planned.

Figures 30b and 30c make similar comparisons between the test objec-

tives and test results for total time-on-target and total lasing device time.

Figure 30b plots the total amount of time the specimens were irradiated
while Figure 30c shows the total amount of time the BDL device was lasing.
Once again, both parameters significantly exceeded the program objectives.

Figure 31 plots total number of laser runs as another parameter of
test performance. At the beginning of the program, the test objectives
included 42 single specimen runs and 12 multiple specimen runs for a total
of 54 runs. The number of single versus multiple specimen runs was continu-
ally revised during the course of testing with a final end result of 25
multiple and 11 single specimen runs. This resulted in a total of 36 suc-
cessful runs. However, since more multiple specimen runs were completed,
the total number of specimens actually tested was greater than had been
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Figure 31. SABTS Lasing Runs Summary

planned. An additional seven runs were made during the test series which
dealt with alignment and checkout and included several aborted runs.
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Section VI

SUMMARY AND CONCLUSIONS

A11 phases of the SABTS program were completed successfully.

In Phase I, extensive modifications of the BDL HEL laser facility to
accommodate the SABTS program were completed. A new BDL optical train with
beam conditioning ducts, HEL beam control shutters, power measuring calorim-
eters and director mirrors was designed, fabricated, and installed. The
SABTS room was enclosed, soundproofed, painted, and lighting, heating and
outlet power provided. A positive pressure filtered air blower was
installed. The SABTS apparatus was installed, and preliminary checkouts
and alignment were made. The BDL cavity and optics train were aligned,
and the BDL laser system was checked out.

The alignment HeNe beam and the HEL beam were brought into coincidence
and aligned with the SABTS optical system. The total measured power aver-
aged 40 kW as delivered to the SABTS target area. The beam size was mea-
sured in three different ways. A1l showed the beam size and profile to be
within the test requirements.

The objectives of Phases Il and III were also met successfully. The
SABTS acceptance tests were completed, and all specifications which were
verified in Phase I were maintained. From a test support point-of-view,
all test goals were met or exceeded. For example, a total of 135 test
specimens were irradiated by the beam. Only 114 samples had been planned.
A total of 357 seconds of available time-on-target were delivered, compared
to an estimated 294. Total lasing time for the program was 1058 seconds
i which can be compared to the 804 seconds estimated at the beginning of the
J; program. In addition, an Add-On Effects Test was successfully integrated
and operated for the duration of the Phase III test series.

The following recommendations are made for future tests:

A modification of the experiment to accommodate more specimens per
run would allow longer run times and the same data to be obtained in fewer
runs with substantial savings. Once a run is started, the additional
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effort for a 120 second run versus a 5 second run is relatively
insignificant.

In addition, redundancy in data instrumentation can serve to improve
successful data collection. Duplication of equipment, and design of par-
allel data acquisiton systems can reduce effects of equipment malfunction
and operator error.

Detailed test plans with integrated design, procedures and check lists
could also be utilized to good effect. These items serve to develop the
most efficient path through a testing matrix and to optimize test activi-
ties relative to the program's schedule.




APPENDIX

This appendix contains three data sheets for each of the 43 tests
in the SABTS series (BDL tests VL1-245 through VL1-287). These data sheets
are: (1) Estimated Power versus Time, (2) Planned Time Lines and Quick Look
Data Sheet, and (3) Beam Intensity Profile. The first sheet is a plot
of device power (kW) versus run time (sec). For the first two tests total
device power is determined by summing the power measured at the slow shut-
ter calorimeter and that measured at the fang clipper. The calorimeter
at the fang clipper was removed (and placed at the SABTS clipper) in favor
of an uninstrumented power dump after the second test. Total power from
the third test (VL1-247) to the end of the series was calculated from the
power measured at the slow shutter calorimeter using a factor developed
from the first two tests. The second sheet, Planned Time Lines ...,
indicates the planned and actual sequencing during the tests as well as
providing specimen information and exposure times. The Beam Intensity Pro-
file (photos) is that seen by the IR (AGA) camera located at the second
turning flat mirror (Just upstream of the slow shutter),
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